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STATEMENT OF PURPOSE 
In this abstract, we report on the successful 
development of a range of novel green tri-composite 
bio-films. We have blended the natural polymers 
cotton, silk and wool using an environmentally 
friendly processing route. The new bio-films 
showed enhanced thermal stability and comparative 
mechanical properties.  
 
INTRODUCTION 
Cotton, silk and wool are three widely used natural 
polymer fibres. Each year, significant amounts of 
these polymers are discarded as unprocessable fibre 
waste in the textile industry as well as in our daily 
life[1]. This, combined with the need to develop 
alternatives to current fossil fuel derived 
polymers[2], means more attention should be given 
to reusing these renewable resources. 
 
Room temperature ionic liquids (RTILs) are 
considered as green solvents which could replace 
organic solvents in bio-polymer processing[3]. 
Dissolution of the bio-polymers in RTILs is 
attributed to their ability in disrupting and breaking 
the intramolecular hydrogen bonding network of the 
polymer[4]. 1-allyl-3-methylimidazolium chloride 
(AMIMCl) is a powerful RTIL used previously to 
regenerate cellulose[3, 5]. In this work, AMIMCl 
was used as the dissolution solvent and water was 
used as the coagulating solvent for the bio-films. 
The films were characterized using Fourier 
transform infrared (FTIR) spectroscopy to 
investigate the hydrogen bonding of the new bio-
films, scanning electron microscope (SEM) to 
reveal the morphology of the bio-films, 
Thermogravimteric analysis (TGA) to examine 
thermal stability and dynamic mechanical analysis 
(DMA) to examine mechanical properties. 
 
 
 
 
APPROACH 
Single and multi-bio-polymer solutions were made 
by dissolving a total of 10wt% raw cotton lint, wild 
type silk and wool in AMIMCl at varying 
concentrations as listed in Table I. The films were 
obtained by coagulating in distilled water. Films 
were rinsed several times to remove excess 
AMIMCl. The AMIMCl was recycled by 
evaporating water as described[5]. 
 
TABLE I: Composites prepared in this study. 
 
Sample name Bio-polymer composition 
C100 100%cotton 
S100 100%silk 
W100 100%wool 
C90 90%cotton,5%silk,5% wool 
C80 80%cotton,10%silk,10%wool 
C70 70%cotton,15%silk,15%wool 
C50 50%cotton,25%silk,25%wool 
 
RESULTS AND DISCUSSION 
 
 
FIGURE 1: FTIR spectrum of regenerated bio-films. 
 
Figure 1 shows the FTIR spectra of the various bio- 
films in the 3000-3500cm-1 region. Two peaks were 
obtained for S100 and W100at3275cm-1 and 
3060cm-1, which are attributed to O-H and C-H 
stretching vibrations[1], whereas C100 shows a 
single broad OH stretch band at 3300cm-1 
 
Hydrogen bond interactions between the three 
components of the new composite bio-films is 
observed by a shift in the OH band of the C100 film 
to lower wavelengths as the silk and wool content 
increases.  
 
Figure 2 shows the TGA curves of the bio-films. 
The thermal degradation temperature for C100, 
S100 and W100 was 233ºC, 278ºC, and 227ºC, 
respectively, while C90, C80, C70, and C50 
composites degradation temperatures were 238oC, 
259ºC, 286ºC, and 290ºC, respectively. The thermal 
degradation temperature of the new bio-films was 
enhanced with the addition of the protein 
component, with the Td of C70 and C50 being 
greater than the single component films. This could 
be attributed to the formation of hydrogen bonding 
within cotton and protein fibres as revealed from 
FTIR results. 
 
 
 
FIGURE 2: TGA curves of regenerated bio films. 
 
Table II shows the mechanical properties of the bio- 
films. C100 has the highest stress, strain at breakage 
and Young’s modulus. The addition of the protein 
fibres reduces the mechanical properties gradually. 
 
 
TABLE II: Mechanical properties of bio-films. 
Sample 
name 
Stress at 
breakage(
MPa) 
Strain at 
breakage(
%) 
Young’s 
modulus(GPa) 
C100 57.98 4.48 1.88 
C90 47.53 3.31 1.79 
C80 45.87 2.98 1.77 
C70 30.42 1.48 1.76 
C50 28.94 1.6 1.70 
 
Figure 4 shows SEM images of the bio-films. It 
reveals a continuous morphology which verifies 
complete dissolution of bio-polymers in the ionic 
liquid. 
 
 
 
FIGURE 4: SEM images of C100 (I), C90 (II), C70 (III) 
and C50 (IV). 
 
CONCLUSION 
We successfully developed tri-composite bio-films 
using environmentally friendly processing methods. 
The new bio-films showed enhanced thermal 
stability compared with the single component films. 
 
FUTURE WORK 
Bio films will be made using different coagulating 
solvents such as methanol and isopropanol to study 
the impact of coagulating solvent. 
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